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Effects of nitrogen application on grain yield, nitrogen utilization and
balance of winter wheat under limited irrigation condition

NING Dong-feng', LI Zhi-jie** , SUN Wen-yan>, MA Wei-ping”, HUANG Shao-wen', ZHAO Bing-qiang'
(1 Agricultural Resources and Regional Planning Institute, Chinese Academy of Agricultural Sciences, Beijing 100081 ,China;
2 Dezhou Experiment Station, Chinese Academy of Agricultural Sciences, Dezhou, Shandong 253015, China)

Abstract . Effects of different N application rates on grain yield and N utilization of winter wheat and soil N balance
were studied using field experiment under water-limited irrigation during 2008 —2009. The results show that spike
numbers and per spike grains of winter wheat are significantly increased under N applications, while the 1000-grain
weight is not significant increased. The relationships between grain yield, N uptake and the N application rates are
parabolic, and grain yield and N uptake are reduced when N application rates exceed N 240 kg/ha. Soil NO; —N is
found at 0 -20, 20 —40, 40 -60, 60 -80 and 80 =100 cm soil layers after the erecting stage of winter wheat. Soil
NO; —N contents are decreased with increase of soil layer depth under the same treatment, and are increased with
increase of N application rates at the same layer. Soil NO; =N accumulations decrease with winter wheat growth and
development. Under the N, and N,,, treatments, there are NO, —N deficiencies after the jointing stage and anthesis
stage. In the harvest stage, soil residual N in 100 cm soil layer is the main part of surplus N, and soil lost N ac-
counts for little percentage. With increase of N application rates, N utilization efficiency and N agronomy efficiency
appear downtrend, while the N residual efficiency appears uptrend. Under this experiment condition, N application
rates from N 180 to 220 kg/ha has good combinations of grain yield, N utilization efficiency and N residual efficien-
cy. Therefore, the N 180 —220 kg/ha are ideal N rates considering both economic benefit and environmental benefit
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under water-limited irrigation.

Key words: limited irrigation; winter wheat; grain yield; N utilization; N balance

it P RUE RAE Yy 2KA8 = 7 (M B B e, e A
AW EHRIVASRAEFEREE. RERAETE
AR ElibR s I SESWNSREE S 228 A e
PRESET Ak, RIE AN B s, 1
TES ™ BRI RBEZ I, RIE SRR R 30%
~35% ", HE AR K 3 i 5 SRR A A
BMPRN T, KEIIREW, ERARSEY™ &’
EWPERR R ERE IR R AR, IR
FI TR A5 UK B R A0 VK R SRR R
Z, A5 A M - Bk m T vk ik
Ll L SR IEAE A, KA IR, TR 2 4 vk
IEF IR BAAREHRE ", £NER
AR X TER AR, A KRR R A
i R BB BB, R4S /INZZ 1 7K e 7 v S8R 8
BAEL AT NI ERTABTFE 9 2EAH |, dE— BT
TERRK AT T RE N B 54 /NE 8 RIEF
RARRVBRRR, LI 20K 2 5t 5 56
B s - A HE AR, iz X L /NEZT K E
PR AR R R

1 MRS IE

11 RWigit

T 2008 — 2009 72 IR E B B E AR
P B SE T s BT B AT . AL T
VG E T TR, ST K & 550 mm, 24
HI7E 6 —8 A, HIEELE +, B, #f
BEYRSE 12.4 g/ke, 2R 0. 74 g/ke, THLER
10. 4 mg/kg, BB, 9 ma/ ke, £ A48 80. 6 mg/kg,
pH {84 8.3, fEATIALGHb 1m A 1 19 7% 55 70 H [A)
Fok®RE 1, NEEFHHNSREKRE 157.3 mm
(P24 W 14.9 mm, B4 42 51 18.2 mm,
EEER 8.9 mm KW EFFIEH 39. 1 mm, FF
B2 491 76. 2 mm)

e 5 MEMATE, Bl N 0,120,180,
240\300 kg/hm2 » ﬁi"u ["/{ NO N N120 N NISO A N240 Al N300 /13)%
R3WRERE,/NKEHS m x8 m, FEHLK A HEF,
BAOFRLE A BRI b, 2206 P,05150 kg/hm’, K,0
150 kg/hm® I N 60% , |4 40% N Fik T4
VKA. ATARIENIRE (& N46% ), BEAC N T
BER S (& P,0514.2% ) , FHE BB 81 (& K,O
50% ) , BER/INENTKBIGFPAE 15, 4EF & 225

1 1mELEFEMABEFKE
Table 1 Soil bulk and field moisture

capacity of 1 m soil layer

HR(em)  FE(gem’)  HEFKRE%)
Soil layer Soil bulk Field moisture capacity
0—20 1.35 20. 1
20—40 1.36 20.9
40—60 1.35 20. 8
60—80 1.35 21.0
80—100 1.34 21.2

kg/hm® JEFHFTER 17 em, 2R F IR K HE R A 2K, IR
BB RIS, I (4 A 13 H)#K IR, #EH
R 60 mm (F AR AR TK + K + HER
K)o TR EAH 3. 43 x10° f/hm’,

1.2 MEMBESFRE

THEENAZD SN E: EPNERFH KW
W FFAE BRI 43 5 B 0—100 em + )= (45 20
em R—F2) L, BRI 2 R&3F. L&
STABE T R E RN E & K E, 51 —F 4 0.01
mol/L CaCl, {&32¢, 7K+ H2A 5:1,180 r/min #E ¥ 30
min, 2R 53 T T M BRUE &, R GRS, N E
WG - sh i EBSA ESA
SE.

ARG E A SR E: PMERAE, 5/
KIEREARIER 0. 5 m BT/, BIGARFRUCH
Kl 22T R ZEFE + B R + AR R
4 FpororFr. HER T ISCHAE TP BIEE, DR
B TE, HafEE AR EIIRERENE S
wHERAGRE,

PRI . /NE BB, B/ KIS 0.5 m
XATNE BT HMER; B/ PR ERRMEAETr (4
m® ) 7=,

AxRBEOHETE .

YEMI AR (kg/hm?) = Hlt b4 H) & x FEkk
L EARAMRE

REWIRIEE( % ) = TRIRA R/ KRR A E
X 100;

AREZNHAR(%) = EARKAR - Kl
RXBAE) /AR x100;
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RERZFEH R (kgonkey) = (R KAEY)
R - REARKEY &) /R E;

THEENE AR E (kg/hm”) = + 2R FE x
TIEAE x TETISA S R/10;

AEMHEAR G hE (ky/hn’) = REA
KAEMRA + RMEA X LERE YA - RIER
X LSRR T AH R R

AFMIR (kg/bm”) = RIGETHATRER +
AR + GILAGT E) - EMRARE + 1L
BRETHSER) ;

REFRUBA (kg/hm’) = ARRUKGH +
RERUMKLHE ;

ARENRER(%) = EAX T ARE =
- RIEAETHERER) TR E x 100,

R E B3R B Microsoft Excel i SAS #4317 47
Br, KA LSD ¥EE T 22 5 W LUK

2 HRI

2.1 BPNEZEFHRIBEESKEDETE

EEf T C IR 7 1 e 3 o 1 S
AL NEZ S ET Y HIEESKEMD. B1EF
L /NERITHIRT AR R, AHFE 0—40 cm 12
KGR D ZRTHIREK 42. 2 mm , IF58 R IR H
K, REEBEMMT2,{H 040 cm 2 EKET
HEREAE 15% — 20% 7oAy 5 $RVHAME R A 4K HE % , 6
KREIZL,0—40 em £ )2 1S K2 BEREE, B3
BREK AT (HUAEHARE K 60mm , 35 2 FF A1 H]
R#/K 39. 1 mm, 1 /K15 B #h 75, 40—100 cm /K
IS FFAEH 0—20 em F 27K 4358k 1 BB 1
REAR, IR B2 BEAK 43 5 B JFIE 2 LB RE K 76.2
mm,20—100 cm /K &M, KFFE 2. AW
0—20cm 1 JZIK A B TEHAREAR B BEK 45 B
BB/ DNERREILEE L E T EPE,20—60 cm
TR HIEEKE B FHREAL,60—100 em 2 EKE
FHEEAEE,
2.2 AAREENEZNMNEFERREENTMN
2.2.1 MENEF=BRIMBERWZ N NEH
A Te FRURER 250 I it 220 8 T 2, M /U N
180 kg/hm® 3= AR B3E ; AiiE b BBR A D E
KFHEAH, HEAHMEERAEE; FigiH
ETHREHTEEZRF(K2). HERGSTERY,E
RARG/NETFREMYELER

Yoy =—0. 0011x* +0. 6423x +103. 33 ,R* =0. 9547

30 - —0—0—20 —8—20—40 —&—40—60
—*—60—80 —2&—80—100
S
mﬂ % —4— .,
<VP\E[ 20 B H j\:
B
=
8 10 f
B
=
B
0
BS ES JS AS MS

B Growing stage

Bl ZNEREEEHEIIEEKETLIHE
Fig.1 Dynamic changes of soil water content at
different stages of winter wheat
[ (Note) : BS—iEFIA{ Before sowing; ES—iZ B Erecting stage;
JS—3E 71 Jointing stage; AS—JIT7EHA Anthesis stage;
MS— i Z 4] Maturity stage |

R2 AEAHEEMNE/NEFERTEMEEZRNRIE
Table 2 Effects of different N application rates on grain

yield, component factors of yield of winter wheat

e BB R THRE il s
Treat Spike Grains  1000-grain wt. Grain yield
( x10°/hm®) (No. /spike) (g) (kg/hm*)
N, 51lc¢ 27.2 b 42.6 a 4981 d
N 6.33b 28.6 a 40.0 a 6682 ¢
Ny  6.46 ab 28.8 a 40.0 a 7228 be
Ny 7.14a 28.7 a 41.9 a 8249 a
Ny 7.31a 28.2 a 38.9 a 7345 ab

{E(Note) - [AZNE4R /A Al 7 B 22 5005 5% B E KT

Values followed by different letters in a column are significant at 5% level.

MIE 2 TTRLE Y, YA R AR N 240 kg/hm,
7B IR T A FARATR , S B e R R R B R e
2.2.2 ME/NERRRIEM £ 3 M,N, RS
EIRAE BT T A, ViE b A AR T LA R
INER BB R RO B R L Ny AT
S AN R E) B % 2 K, Ny Nygy Nagg 2058
EEFABE, BARSNERAREMPLER .

yna =—0. 0412x* +21.395x +4902. 8 ,R2 =0. 9155

LI EAB T N 240 kg/hm’ , 1% 4 5 B =
B FRE K, TR A FEAR (B 2) . REUWIRIEH
it 220 R O 8 T T AR 1B, N 1 N B AL B 5 B RT
No il Npo 4038, bR E R AR B2 (£ 3), B
P M R, BRI B FR S B S
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Fig.2 Relationships between grain yields, N uptake FAEE. WIHRA LSRR LEMEREGE,

and the N rates

2.3 FEEAREN T EHESESERSHHZIE

£ [ 3 2R A FIHEALTER 100 om 12 157
# BAKNZshE AL, INEIER A L, Rk
= AN KR WD s TR RS A A L
] REFR, B+ ZINE, & MR N, 425 020
z em TEMAESBEDEMTHETL; 7 20—100

em 25 N M EERAEFH HEEFKFHE 3

ARbFE, N, &b B 7E 40—60.80—100 ecm 1 )2 5
N240 \N300%}E§E|‘ﬁ% ’ N240 5 N300 ﬁiﬂﬁﬁigﬁ

i N 180 kg/hm* P4 A} ,20—100 em + 2 HIEREAS

[ £ (Note) : GY—FHif=& Grain yield; NU—IR & & N uptake] ﬁ/ﬁ\ﬁ‘ﬁ}%‘_lﬂ] o

#3 FRBEEMNEMEFRARERAENN
Table 3 Effects of the N application rates on N absorb of different organs of winter wheat

& & N uptake(kg/hm®)

45 ovr = : — HRUH
Treament 1+ B SF + I TH itk i
Leaf Glume and ear axis Stalk and sheath Seed Whole plant

N, 4.4d 3.1¢ 6.7d 90.8 ¢ 105.0 ¢ 86.5 a
Nix 7.1¢c 6.5b 11.7 ¢ 135.7 b 160.9 b 84.3 a
Nigo 8.3 be 7.4 ab 12.7 be 149. 4 ab 177.8 b 84.0 ab
Noso 12.0 a 8.8 a 17.4 a 170.0 a 208.3 a 81.7b
Nigo 10. 0 ab 7.4 ab 16.2 ab 157. 4 ab 191.0 b 83.0b

H(Note) ; FFEIRE AR ZRFRERIES5% 58257 KF Values followed by different letters in a column are significant at 5% level. NHI—N har-

vest index.

NO5™-N content flZR & & & (mg/ke)
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Fig. 3 Effects of the N application rates on dynamic changes of soil NO; -N content

at different soil layers and growth stages of wheat
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16 &

S BHTH, BESOR B BE , N A K, T’
ARSI HG5R, N, o MRS AILTPHRS &L
EER AR T H B, Ny 5 N b FB7EA TR
ERAEE Ny Ny LB E 60—100 em 12 5 E
ST HEAH,

W BI TR R/NE B KRS, AR, 7
I H) B A B EAGE TR % 40% B, {H 2= FF 161
TIEME A EIRTIRTHIH. No N b3 1
MARHFIOR , & L EHERBEE D, XL 2
Egﬂ*ﬁﬂiﬁiﬁXj‘ﬁ%‘% E@%*o leoﬁ}iﬁ 0—40 cm
FEBELT Ny F; Ny A FEFE 0—100 cm 4%
TRE¥EHTHELAH,

B N, FI N, SRS T EEREE
RFEE LR, 0—100 cm + 2 HH5R H &5
Nigo 5 Ny b BBFEE T RZ R A B, Ny 4038 0—

40 em T EHSASEEE S THELHE,

2.4 FEEAENTERRTHRERF AN
2.4.1 X HIRARFEHRRN  HSATE LT
BB RETNSAUBERA NN T, MEAFH
HIEAHLET LR 40. 1 kg/hm”, (LARIEA AN
HE, B sk B 5K 0EA /DX &R T
B, R4BH, KHEY I + 2 HIERHAE
BB R R R0 R B B R R 4 2 0 i
I Ny EBTAAGR B B N, A FEE i 3. 4 4%,
WA ER L MZET FK MR . BARRIM
KB Nig 5 Ny b B2 R A BF, B AL R 35
FNREER, BRRNER N5 Ny LH2ERA
BE HELRRYIIEEER, ELDEEK
FEMABARENBERU T HRARBRE N, XU
PR E R LR

R4 AEEIZEMNERHY Im T ETEERFEREARIRBENH T

Table 4 Effects of different N application rates on Nmin balance in 1 meter soil layer at the harvest

and N efficiencies of winter wheat

FHA N input( kg/hm®) Fi N output(kg/hm®)
R N, s TORE MK RENL maem maen NUE NAE O NRE
Treat. - ’ Net R N... ik R (%) (kg/kg) (%)
Initial N_;, N rates
mineralization N uptake residue N loss N surplus
N, 110 0 40.1 105.0 ¢ 45.1 e 0d 45.1d
Nix 110 120 40.1 160.9 b 70.8 d 38.4¢ 109.2 ¢ 52.4a 16.8a 2l.4¢
Nigo 110 180 40.1 177.8 b 102.9 ¢ 49.4L 152.3b 4.2b 14.5b 32.1be
Nowo 110 240 40.1 208.3a 132.2b 49.7b 181.9b 46.8b 15.8ab 36.3b
Nuoo 110 300 40.1 191.0a 197.2 a 61.9a 259.1a 23.4 ¢ 9.0c 50.7a

7 (Note) ; N, THLE M EE (NO;3 -N + NH; —N) Mineral N accumulation (NO3 -N + NH; —N) ; NUE—& & WA Z N utilization
efficiency; NAE—& K] I N agronomy efficiency; NRE—& K FEWFR B & N residue efficiency. FFIEIEEAFFERRNRERIEXS% BE
57K Values followed by different letters in a column are significant at 5% level.

2.4.2 MEAPNZRARMAERNEW K407
H, RER R R R R R BB R R 2
'f&%%o 1\1180*':l N240ﬁ5ﬁ§%$i%yﬁ?ﬁiﬁl‘ﬁji@
BEBEERKF . RERRVERE R R EH N
EHIBH, Ny BB E R THELB, Ny, 5
Niso SLBEZE A B3 Ny 5 No ZRABE, HE
A THTE 22 53 2

3 g

2 4R e HLAS AR £ BB AT A
fe. RSB 077 e - 3B 1, S
HR IR FSRBEK 5 T B MkvE. 1A TR 5
SRR R A 0 T IR %

IR EETHEK 4 WEHT , LIERZHER
REMG™E, FAIEHER S, TRESASE
MU, A ERER IR R MV B, AR B
FERW, TEESAMGESENEANERECRE
Y) , R T S IR = 2 fn T o

ARG B S BB M AT KR T, &
NEEKZE T IRHES A 60% 75 0—20 em +Z
BN S . AR, AR KB 514
FoNERERE, LIEMAEAE0—100 eom LEHA
MEZ, HE T Z MRS 2L, M F— =& 2hE
REWINTI I, FEE AT NS, HIBHESA
MEEBB. DERVG, ERRAENM,N, &
HHTHG 5 N b BT LG HIRE S AR &
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A RIH AR TR, oIk AR R R TR
/INZEEE T A AR 3R B A e K % O TR SR e AR A
TEEERBEABRIOBEHE 1 m £JZUTF, EH
£ 0—40 em LERHER. PR HREIA R UL m
R T IRE AR B O £, 5 B B R R B B
M. Naoo W3R/ LIRS RN KRR AW 5 (&
BhJ5 22 T gt — 22 MR E S0 T KU

ERE e BN AR T, & DEAR
R o T R T 8 2 A [ R i e R
BN 5 E W BRI, IR,
TKBEBEARATT , Rt 22 2 7T LASR = RUE 2 37
MR R RABIR K . APFFERA, TERKERT,
JERR SN R IRARNEMPE SRR, Sl
AR N 240 ke/hm® , 75 FI 5 2 B it 220 223
I TS R AR R 2R R A I 2R Bl
TR IR R, T R0 5 B R e R 3
IS & B R B B2 TR SR —
PRI E L RFEAELEN AR, RRARKHE
R, HL, ERKERAMG T, AETE N 180 ~
220 kg/hm” B, R T ASRIBIZ BF 4005 A S 8045 11
T AR

BOET b XN 2 4/, 7K B YA B 4 ) R - 4
FEug TR EE Al A 7 R A 2R RE K AT 1L RS AR, A
B R ITIR B8, I R TG % ARz K
RNV AT RFEER R, S Jih A e R4 /N2 35 7K A REAR S
AR, KT K&/ K P HE ki B 2
AREHE ™, KRBFFNA , FK T DAL, @
K AR B B EER &, T A IR 25 42 e 7K AE A H
P AN, /N AR AT, R
N IR RETE R BN 3/ ZIF IR LR K R, KA T
FER R, KA I A ARG R . Rk A=
FER LRI St Jee IE R 6 b, K JE A R ] DA 2
/NI AT B R R, T AT A 4 BE K BGER AR
TR TGS G HE KB S B RUE , 8 BRI B
FEHEISCE , 38 IR A R dERp ROl AT Fp 42
Ko

8 £ XX Wk
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